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New  York.) 
In  I9O  7,  Sachs  and  Teruuchi 1 reported  that  if  fresh  guinea  pig 
serum  were  appropriately  diluted  with  distilled  water  (optimum 
relationship,  I  part  serum  to  8  to  9  parts  distilled  water),  and 
incubated  for  an  hour  or  more  in  a  water  bath  at  37 °  C.,  on  the 
restoration  of isotonicity, complement activity no longer took place. 
The absence of hemolysis they attributed to a permanent' destruction 
of complement,  produced,  they assumed,  by a  ferment  first becom- 
ing active in the diluted guinea pig serum.  More recently, however, 
Sachs  and  Bolkowska  2  have  observed  that'  at  times  complement 
activity may be restored to such  inactivated  serum on  the  addition 
of either  fresh guinea pig end-piece or guinea  pig mid-piece.  This 
latter  observation,  taken  in  connection  with  recent  work  3  on  the 
resistance  of the globulin  fraction  of guinea  pig serum  inactivated 
by heat,  suggested that perhaps the resistance  of one or possibly of 
both complement  fractions might  likewise be directly demonstrated 
in serum rendered  inactive by dilution with distilled water. 
The resistance of the globulin  fraction  was first examined.  The 
method employed is as  follows: 
A  series of centrifuge tubes, each containing one cubic centimeter 
of guinea pig serum to nine parts  of distilled  water,  was incubated 
in a  water bath at 37 °  C.  for one and  one quarter  hours.  Two of 
these  tubes  were  then  made  isotonic  by  the  addition  of  sodium 
chlorid  and  used  as  controls,  their  contents  being  directed  against 
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sheep  corpuscles  laden  with  ten  amboceptor  units.  It  was  found 
that complement treated with distilled water could not be absolutely 
inactivated.  Therefore only  such complement  was used  in the ex- 
periments,  as gave,  in the  amounts  of o. 3  or o.2  cubic  centimeter, 
only a  faint tinge to the supernatant  fluid after incubation  for five 
or six hours in a  water bath at 37 °  C.,  while the supernatant  fluid 
in the tube containing o. I cubic centimeter remained perfectly clear. 
The  globulin  fraction  was  next  precipitated  from  the  remaining 
tubes,  washed  three  times  with  distilled  water,  and  dissolved  in 
suitable amounts  of physiological  salt solution.  Against  diminish- 
ing amounts  of such globulin  fraction,  a  constant amount  of  fresh 
end-piece was  then directed  (table  I).  It may be added that both 
the  hydrochloric  and  carbon  dioxid  methods  were  used  to  obtain 
the complement fractions,  and that the results ran, as a rule, parallel. 
TABLE  I. 
The  Effect  of  Adding  Fresh  Guinea Pig  End-Piece  to  Guinea Pig  Mid-Piece 
Removed  from  Complement  Inactivated  by  Distilled  Water. 
Five per Cent. Sheep Corpuscles, zo Amboceptor  Units;  Complement Fractions 
Obtained  by  N/25o  Hydrochloric  Acid.  Total  Volume  in  Each  Tube  5  c.c. 
Incubation,  z Hour  and 30 Minutes. 
Fresh  end-piece.  Distilled  water mid-piece.  Hemolysis. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0.2  C.C. 
0,2  C.C. 
0.2  C.C. 
0,2  C.C. 
0.2 C.C. 
I.O  C.C. 
O. 5  C.C. 
0.3  c.c. 
0.2  C.C. 
O.I  C.C. 
0.06 c.c. 
0.04 c.c. 
0.02  C.C. 
2.0  C.C. 
I.O  C.C. 
Complete 
cc 
c* 
*c 
*c 
Almost complete 
Strong 
Little 
O 
O 
O 
It is evident,  therefore,  that  although  distilled  water  serum  as  a 
whole  may  show  no  complement  activity,  yet  on  the  addition  of 
fresh end-piece to its globulin  fraction, lively hemolysis  may occur. 
What, now, is the fate of the albumin  fraction  (of the toxophore 
group or end-piece)  of the distilled  water  complement?  Table  II 
indicates  the  complement  activity  (I)  of  fresh  guinea  pig  serum, 
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(dilution  I : IO)  for one and  one  quarter  hours  in a  water  bath  at 
37 °  C., and  (3)  of guinea pig serum incubated  for the same period 
in distilled water  (dilution  I : IO). 
TABLE  II. 
Ten Amboceptor Units,  5 per Cent. Sheep Corpuscles;  Total  Volume in Each 
Tube 4 e.c.  Incubation Time of I  and II, 2 Hours;  of Ill, 6 Hours. 
Guinea pig serum. 
0.2  C.C. 
0. I  C.C. 
0.08  c.c. 
0.06  c.c. 
0.04  c.e. 
0.02  c.e. 
O.OI  c.c. 
0.004 c.c. 
Hemolysis. 
I  II  III 
Complete 
*c 
*c 
Almost complete 
Little 
Slight trace 
O 
Complete 
c~ 
Almost complete 
Little 
Slight trace 
O 
Faint trace 
O 
O 
O 
O 
O 
0 
O 
It will be seen that although the serum incubated in physiological 
salt  solution  has  retained  its  original  complement activity  intact, 
when incubated in distilled water, on the other hand, its complement 
activity has become practically nil.  The question now arises: Can 
toxophore activity be  demonstrated in  such  inactive serum  (table 
III) ? 
TABLE  III 
The Effect of Adding  Distilled  Water Albumin Fraction  to  Fresh Globulin 
Fraction. 
Fractions  Obtained  by  Carbon  Dioxid.  Globulin  Fraction  Washed  Three 
Times  in  Distilled  Water.  Five  per  Cent.  Sheep  Corpuscles,  Io  Amboceptor 
Units;  Total Volume in Each  Tube 4 c.c.  Incubation  Time, 3 Hours in  Water 
Bath at 37  °  C.  Maximum Hemolysis at the End of One Hour. 
Distilled  water guinea pig end-piece.  Fresh guinea pig mid-piece.  Hemolysis. 
O.I  C.C. 
O.I  C.C. 
O.I  C.C. 
O.I  C.C. 
O.I  C.C. 
O.I  C.C. 
0.  I C.C. 
O.I  C.C. 
0. I  c.e. 
o.3  c.c. 
0.2  C.C. 
O.I C.C. 
1.0  C.C. 
0. 5  C.C. 
0. 3  c.c. 
0.2  C.C. 
O.I  C.C. 
0.08 c.c. 
0.06  c.c. 
0.0  4 c.c. 
0.02  C.C. 
1.0  C.C. 
0.  5  C.C. 
0. 3  c-c. 
Very strong 
ct 
tc 
Almost complete 
Complete 
Almost complete 
Strong 
Moderate 
Little 
O 
O 
O 
O 
O 
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We see, therefore, that not only may the combination of distilled 
water  globulin  fraction +  fresh  albumin  fraction  display  typical 
complement activity, but, what is  far more striking, that hemolysis 
may also occur in the combination of distilled water albumin frac- 
tion +  fresh globulin fraction. 
Any attempt to  explain these phenomena would be  futile in the 
light  of  our  present  knowledge.  The  question  becomes  at  once 
greatly  complicated by these  facts:  (I)  that all efforts to produce 
hemolysis  by  combining the  distilled  water  albumin  fraction  with 
the distilled water globulin fraction, even in the most varied quanti- 
tative  ratios,  have  met  with  failure;  and  (2)  that  sheep  globulin 
fraction, though retaining a completing action for fresh guinea pig 
end-piece under a variety of conditions  (i. e., after heating at  55 ° 
C.  for one half hour, after  incubation in distilled water at 37 °  C., 
etc.), yet produces not the slightest degree of hemolysis when added 
to  distilled  water  guinea  pig  end-piece.  That  summation  action 
can not be the essential explanation of these phenomena is demon- 
strated,  not only by table  III  but by the  following protocol  (table 
IV)  as well, in which diminishing amounts of distilled water  end- 
piece are combined with  fresh mid-piece in the ratio of  I : I,  I :2, 
and I : 4. 
TABLE  IV. 
Distilled water 
end-piece. 
1.0  C.C. 
o.08 c.c. 
0.06 c.c. 
0.04  C.C. 
0.02 C.C. 
O.OI  C.C. 
O. 3  C.C. 
0.2  C.C. 
0. I  C.C. 
Fresh mid-piece.  Hemolysis. 
I 
O.I  C.C. 
o.o8 c.c. 
0.06 c.c. 
0.04 c.c. 
0.02  C.C. 
0.01 C.C. 
1.0  C.C. 
II 
0.2  C.C. 
0. I6 c.c. 
0. I2  C.C. 
0.08 c c. 
0.04 c.c. 
0.02  C.C. 
1.0  C.C. 
III 
0. 4  c.c. 
0.32 c.c. 
0.24  c.c. 
o. I6  c.c. 
O.o8  c.c. 
0.04 c.c. 
1.0  C.C. 
Almost  com- 
plete 
Very strong 
Moderate 
Little 
Slight trace 
O 
Slightest trace 
O 
O 
O 
Almost  com- 
plete 
Very strong 
Moderate 
Little 
Slight trace 
0 
Slightest trace 
0 
0 
0 
III 
Almost  com- 
plete 
Very strong 
Strong 
Moderate 
Trace 
0 
Slightest trac~ 
O 
0 
0 
A  further observation deserves brief mention, akhough it has no 
particular bearing upon this work.  It was reported several month# 
ago  in a  study  of quantitative  relationships  between  fresh  guinea 
pig  end-piece  and  guinea  pig  mid-piece  that,  as  a  rule,  hemolysis 
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might be reduced or even entirely inhibited by increasing the quan- 
tity  of  globulin  fraction  over  albumin  fraction.  Fr~inkel,  5  how- 
ever, has recently reported an opposite effect; namely, an accelera- 
tion  of hemolysis by an increase of the globulin  fraction.  These 
apparently contradictory results are to be ascribed to differences in 
technique.  If the globulin  fraction be used  at  once, no  inhibitory 
effect can be detected.  On the other hand, if it be allowed to stand 
under distilled  water  for a  variable  length  of time  so that  it  dis- 
solves with some difficulty in physiological salt  solution,  reduction 
or inhibition of hemolysis is the rule, when the end-piece-mid-piece 
ratio  of  I:I  is  exceeded.  Of  further  interest  is  the  observation 
that  although  large quantities  may inhibit  hemolysis,  nevertheless, 
the completing action of such globulin fraction may not infrequently 
extend as far as fresh globulin fraction. 
Fr~inkel, Ztschr. ~. Imlnunitiits~orsch., 1911, viii, 781. 